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^ A transition-metal compound having a bis-substituted, bridged cyclopentadlenyl llgand. 



CN© Transition-metal compounds hve the formula: 
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in which M is a zirconium or hafnium atom: Y is a silicon or germanium atom: the groups R* . -CsH.^ and 
R' Q-CcH.^ each represent an unsubstituted or substituted cyclopentadienyl group, n and q each being 0 or 
an mteger of from \ to 4 provided that n and q are not simultaneously 0 or 4. the respective substituents R 
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being the same or drfferent and each t>eing a hyorogen atom, a silyl group or a hydrocarbon radical: the 
respective grouos are the same or drfferent and each is hydrogen atom or a hydrocarbon radical: and 
the respective groups X are the same or different and each is hydrogen or halogen atom or a hydrocarbon 
radical. 

Catalysts for the siereoregulator polymerization of olefins compnse a compound of formula (I) together with 
an alummoxane of the formulae; 



Al-(OAl), 



OAIR 



2 



C u ] 



or 





in which []n <s an integer of from 4 to 30 and is a hydrocarbyi radical. 
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A transitJon-metal compound having a bis-substituted bridged cyclopentadlenyl llgand 

This invention relates to transition-metal compounds having a ois-substituted-cydopentadienyi hgand of 
bridged structure. The compounds of the invention are useful as catalyst components tor stereo-regular 
olefin polymenzation. 

As a homogeneous catalyst for olefin polymerization the so-called "Kaminsky catalyst (metallocene 
compound;alum.noxane) is well known. The catalyst has a very high polymerization acuvity. and .n the case 
of propylene polymrization. it has also been known that it is possible to produce both atactic and isotactic 
polypropylene using the catalyst [Makromol. Chem. Rapid Commun. 4.417-421 (1983); Japanese laid open 
patent applications Nos. Sho 58^19.309. Sho 60-130.604 and Sho 61-211.307: Angew. Chem. Soc. 1984. 

106. 6355-6364: Japanese laid-open patent application No. Sho 61-264.010 J. Am. Chem. Soc.. .1987. 109. 
6544-6545: and Japanese laid open patent application No. Sho. 63-66206. 

As to metallocene compounds, transition-metal compounds having a bis-unsubstituted-cyclopentadienyi 
ligand crosslinked with silicon, phosphine. amine or carbon are known (Japanese laid-open patent applica- 
tion No Sho 62-296,008) and as to zirconium or hafnium compounds, dimethylsilylbis (cyciopentadtenyi)- 
zirconium or hafnium dichloride has been synthesized (Z. Naturforsch. 38b). 321-325 (1983) and Inorg. 
Chem. 1985. 24. 2539). 

Further, as examples of transition-metal compounds having a ligand using substituted-cydopentad.enyi 
rings crosslinked with silicon, dimethylsilybis (methylcyclopentadienyl)titanium dichloride (l^onatsh. Chem. 
112.887-897 (1981)). dimethylsilybis-(t-butyicyclopentadienyl)scandium hydride (J. Am. Chem. Soc. 1988. 
no'976-978). Me2Si(Me*C5) MCG[SiMe3b (M = NO. Sm. Lu) type compounds (J. Am. Chem. Soc 1985. 

107. 8103-81 10). etc. have been descnbed. 

With regard to zirconium or titanium compounds, an example of those having a dimethylsilyibis- 
(tetramethylcyclopentadienyl)ligand is known (Chem. Ber. 119. 1750-1754 (1986)), but the preparation of 
compounds having a ligand using other substituted-cyclopentadienyl rings crosslinked with silicon or 
germanium has not been reported. Even less, no concrete practical examples wherein olefins are 
polymerized using such compounds to obtain isotactic polymers have been reported. 

According to one embodiment of the invention there are provided transition-metal compounds of the 
formula: 



r1 t 



n CM 



in which N/i is a zirconium or hafnium atom; Y is a silicon or germanium atom: the groups R' ^-CiH^ and 
R'a -C=H4q each represent a substituted or unsubstituted cyclopentadlenyl group, n and q each being 0 or 
an integer of from 1 to 4. provided that n and q are not simultaneously 0 or 4. and respectively substituted 
R^ may be the same or different and each is a hydrogen atom, a silyi group or a hydrocarbon radical; the 
groups R2 are the same or different and each is hydrogen atom or a hydrocarbon radical; and the groups X 
may be the same or different and each is hydrogen or halogen atom or a hydrocarbon radical. 

The invention also provides a catalyst for producing a stereoregular olefin polymer, which catalyst 
comprises as its effective components: 

(A) a transition-metal compound of formula (I) as defined above. provkJed that the position of R . on 
the cyclopentadienyl ring and the nature of give a configuration wherein any symmetry plane containing 



M is absent: and 

(B) an aluminoxane of the formulae 
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ai-(oai),-oairJ 
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or 
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in which m IS an integer of from 4 to 30 and R- represents a hydrocartXDn radical. 
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In the accompanying drawings: 

Figs. 1. 3. 5. 7. 9. 11, 13 and 15 respectively show the iR spectra of the compounds shown m Table 
A below; 

Figs. 2. 4. 6. 8. 10. 12, 14 and 16 respectively show theNMR spectra of the compouncs shown in 
Table A below 



25 



Table A 
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Zirconium compound 


IR spectra 


NMR 






spectra 


MejSi(Me-C=H3)2 2rCl: 


Fig. 1 


Rg.2 


Me? Si(C5 H* KMe-Cs Hi )2rCl2 


Fig. 3 


Fig. 4 


Me2 Si(C5 H4 Mt-Bu-Cs H3 )2rCl2 


Fig. 5 


Fig. 6 


Me2Si(Me-C5H3)(t-Bu-CsH3)2rCl2 


Fig. 7 


Fig. 8 


Me;Si(t-Bu-C5H3)2 2rCl2 


Fig. 9 


Fig. 10 


Me2Ge(Me-C5H3)22rCl2 


Fig. 1 1 


Fig. 12 


(CH2 )i SKCs H* KMe-Cs Hj )2rCl2 


Fig. 13 


Fig. 14 


Me2 Si(Me-C; H3 MMe2 -Cc H2 )2rCl2 


Fig. 15 


Fig. 16 



40 Figs. 17. 19 and 21 respectively show the IR spectra of the compourxls shown in Table B below; 

Figs. 18. 20 and 22 respectively show the NMR spectra of the compounds shown in Table B below. 

Table B 
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Hafnium compound 


IR spectra 


NMR 

spectra 


Me2Si(Me-C5H3)2HfCl2 


Fig. 17 


Fig. 18 


Me? Si(Cs H4 KMe-Cs H3 )Hf CI2 


Fig. 19 


Fig. 20 


Me2Si(l-Bu-CsH3hHfC!2 


Fig. 21 


Fig . 22 
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Fig. 23 is a flowsheet illustrating polymerization using the catalyst of the present invention. 

The compounds of formula (I) are zirconium or hafnium compounds having a btdentate ligand of bis- 
substituted-cyclopentadienyt rings having a bridged structure. The compounds include those of racemic 
form and meso form depending on the steric configuration of the substituents on the two cyctopeniadienyl 
rings and may have either of these structures. Further, those obtair^ by mixing the two in optional 
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proportions are also included. 

The number of substituents on the respective cyclopentadienyi rings may be from zero to 4. but at leasi 
one of the cyclopentadienyi rings is required to have a substituent and also the case where the 
cyclopentadienyi rings both have 4 substituents is excluded. The respective substituent R* may be the 
; same or different and each is a hydrogen atom, a silyl group or a hydrocarbon radical such as an alkyi. 
aikenyl. aryl. alkytaryl. arylatkyl groups, etc. each containing up to 20 carbon atoms. 

Examples of silyl groups are the trimethylsilyl. triethyisilyt and triphenylsiiyl groups. Examples of 
hydrocarbyi radicals are methyl, ethyl, propyl, isopropyl. butyl, sec-butyl, tert-butyl. phenyl, toiyl. bipnenyi 
and naphthyl groups, etc. 

ro The respective groups may be the same or different and each is a hydrogen atom or the above 

hydrocarbon radical. The respective groups may be the same or different and each is a hydrogen atom. 

a halogen atom such as F. Cl. Br, I. etc. or a hydrocarbon radical as mentioned above. 

As to representative preparation routes for the compounds (I) of the invention, the following routes (i ) or 

(2) may be briefly illustrated, for example in the case of n=q-i, but the routes are not limited to these two: 
r5 (1 ) a case where the substituents of the cyclopentadienyi rings are the same: 

2Na (R'-C;Ht)*R| YCl2^ Y (R'-CsH^h ♦2NaCI R| Y(R^CcHi): + 2n-BuU 

- Li2[ R| Y(R'.CsHi)2 ] + 2CtH.c Li2 [R| Y(R*-CsH3h] 
-(Ri Y(R-C;H3)2] MX2*2UX 

f2) a case where the substituents of the cyclopentadienyi rings are different: 
2C Na {R -CsHO Ri YClj - R| Y (R'-C5H4)Cl * NaCI Na (R*'-C5H») *Rj Y (R'-CcHt) Ci 

- Ri Y (R'-CiHi) (R''-CsH*) + NaCi R| Y(R^-Cc HOiR-'-CsH*) ^ 2n-BuU 

- Li; (Ri Y (R'-CcHa) (R '-CsHj] +2C*H,o U2 [R^ Y (R -CsHiHR^'-CsH? ] * WU 

- [Ri Y (R'-C^HsKR^'-CsHa] MX2 +2UX 

PS Preparation of a bidentate ligand of bis-substituted-cyclopentadienyl rings having a bridged structure 
^e.g. compounds R| Y (R^-CeH*)2 or R| YfR'-CeHtKR^'-CsH*) in the above preparation routes (l) or {2)) has 
been known (see IVlonatsh. Chem. 112.887-897 (1981), J. Am. Chem. Soc. 1988, 110.976-978. J. Am.Chem. 
Soc. 1985. 107, 8103-8110, etc.) 

As to such a bidentate ligand, the starting material may be converted with an alkyllilhium into a lithium 
3C compound.- followed by using it for the subsequent reaction. Further, it is also possible to use it in the form 
of 3 potassium compound or a sodium compound. 

The reaction of MX* with a Li compound (e.g. compounds expressed by Li2 (R^ Y (R'-C5H3)2] or Li: [R§ 
Y (R'-CsH:) (R' -C?H3)J in the above preparation routes (1) and (2)) may be carried out in an ether, 
preferably tetrahydrofuran (THF) as a reaction solvent. The reaction is preferred to be carried out tn a molar 
j5 ratio of Li compound- MX* within a range of 1.0 to 1.5. particularly 1.0 to 1.1. The reaction temperature is 
preferred to be in a range of -80* to + lOO' C. particularly 0* to 70* C. The thus formed compound [1] may 
be purified by recrystailization. 

Non-limitative examples of the above-mentioned transition-metal compounds are as follows: 

-0 

Zirconium compounds 



dimethylsilylbis(methylcyclopentadienyl)2irconium dichloride, 

diphenylsilylbis(methylcyclopentadienyl)2irconium dichloride. 
^5 . cyclotrimethylenesilylbisfmethylcyclopentadienyDzirconium dichloride. 

cyclotetramethylenesilylbis(methylcyctopentadienyl)2irconium dichloride. 

cyclopentamethytenesilylbis(methylcyclopentadienyl)2irconium dichloride. 

dimethylsilytbis(methylcyclopentadienyl)zirconium dibromide. 

dimethylsilylbis(methylcyclopentadienyl)zirconium methyl chloride. 
50 dimethylsilylbis(methylcyclopentadienyl)zirconium dimethyl. 

dimethylsilylbis(methylcyclopentadienyl)zirconium dtphenyt 

dimethylsilylbis(ethylcyctopentadienyl)zircontum dichloride. 

dimethylsilylbis(isopropylcyclopentadienyl)2irconium dichloride. 

aimeihylsitylbis(t-butylcyclopentadienyl)2irconium ctichlonde. 
55 dimethylsilylbis(phenyicyclopentadiehyl)zircontum d»chloride. 

dimethylsilytbis(trimethylsilylcyclopentadienyl)zircontum dichloride. 

dimethylsilyt(cyclopentadienyl) <mett)ylcyclopentadienyl)zirconium dichloride. 

. diphenylsilyl(cyclopentadienyl) (methylcyctopentadienyOzirconium dichloride. 
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:yciotetrameinytenesilyl(cyciODentadienyl) (me:nyicyclopentaoienyl)zircontum dichlonde. 

aimethylsilyKcydODentadienyl) (methylcyciooentadienyDzirconium dimethyl. 

dimethyisiiyUcyciopentadienyO (methylcyciODeniadienyOzirconium diphenyi. 

dtmethyi$iiyUcyctopentadienyi) *isopropylcycicoentadieny I Zirconium dichionde. 
5 dimethyisityl(cyciopentadienyi) (l-Putylcycioper.tadienyi)2irconium dichlonde. 

dimethyisilyl(cyciopentadienyl) (phenyicyclopentadienyozirconium dichloride. 

dimethylsilyUcyctopentadienyl) (trimethylsilyic/clopentadienyOzirconium dichloride. 

dimethylsiiyl(methylcyciopentadienyt) (phenyfcyciopentadienyDzirconium dichlonde. 

dimethyisilyUmeihytcyctopentadienyl) (t-butyicyciopentadienyi)2irconium dichloride. 
'0 dtmethyigermyfbrs(methylcyclopentadienyl)2irconium dichloride. 

dinnethylgermyibis(t-butytcyclopentadienyl)2irconium dichloride. 

dimethylgermylbis(phenyicyclopentadienyl)2irconium dichloride. 

dimethylgermyl(cyclopentadienyl) (methylcyclopentadienyl)2irconium dichloride. 

oimethylgermyUcyciopentadienyl) (phenylcyciopentadienyl)2irconium dichloride. 
^5 dimethylgermyUcyclopentadienyl) (t-butylcyciopentadienyl)2irconium dichloride. 

dimethylsilyilmeihytcyclopentadienyl) (dimethyicyclopentadienyl)2irconium dichloride. 

dimethytgermyKmethylcyclopentadienyi) (dimethylcyclopentadienyOzirconium dichlonde. etc. 

20 Hafnium comDOunds 



drmethylsilylbis(fneihylcyclopentadienyl)hafnium dichloride. 
'3tphenyisilyfbis(methylcyctopentadienyl)hafnium dichlonde. 
cyclotrimethyieneS)lylbis(methylcyclopentadienyi)hafnium dichlonde. 
25 cyclotetramethylenesilylbis(methylcyclopentadienyOhafnium dichloride, 
cyclopentamethytenesilylbis(methylcyctopentadienyl)hafnium dichloride. 
dimethylsiiylbis(methylcyclopentadienyl)hafnium dibromide, 
dimethyisilylbts(methylcyclopentadienyl)hafnium methyl chtoride. 

dimethylsiiyibis(methylcyclopentadienyl)hafnium dimethyl. " 
20 dimethylsilylbis(methylcyclopentadienyl)hafnium diphenyl. 

dimethylsilylbiS(ethytcyclopeniadienyt)hafnium dichloride. 
aimethyisilyibis(isopropylcyclopentadienyl)hafnium dichloride. 

dimetny!silylbis(t-butylcyciopentadienyl)hafnium dichloride. 

dimethyisilylbfS(phenylcyclopentadienyl)hafnium dichloride. 
35 aimethylsjlylbtSitnmethyisilylcyclopentadienyOhafnium dichlonde. 

dtmethylsilyl(cyclopentadienyl) (methylcyclopeniadienyl)hafnium dichloride. 

dipheny(silyUcyciopentadienyl) (methylcyclopentadienyl)hafnium dichloride, 

cycIotetramethyienesilyKcyclopentadienyl) (methylcyclopentadienyl)hafnium dichloride. 

cimethylsilyl(cyctopentadienyl) (methylcyclopentadienyOhafnium dimethyl. 
^ SimethylsilyKcyciopentadtenyl) <methylcyclopentadienyl)hafmum diphenyl. 

dimethylsilyl(cyciopentadienyl) (isopropylcyclopentadienyl)hafnium dichloride. 

dimethylsilyl(cyclopentadienyl) (t-butylcyclopentadienyl)hafnium dichloride. 

aimethylsiiyl(cyciopentadienyl) (phenylcyclopentadienyhhaff^ium dichloride. 

dimethylsilyUcyctopentadienyl) (irimethylsilylcyclopentadienyl)hafnium dichloride. 
J5 dimethylsilyKmethylcyclopentadienyl) (phenyicyclopentadienyDhatnium dichloride. 

dimethylsiiyi(methyicyclopentadienyi) (t-butylcyciopentadief»yl)hafnium dichloride, 

dimethyigermylbis(methylcyclopentadienyl)hafnium dichioride. 

dimethylgermyibis(t-butylcyclopentadienyl)hatnium cichloride. 

dtmethylgermyibis(phenylcyciopentadienyl)hafnium dichloride. 
50 dimethyigermyi(cyciopentadienyl) (methylcyclopentadienyl)hafnium dichloride. 

GimethyigermyKcydopentadienyi) (phenylcyciCDentadier^yOhafniurn dichloride. 

dimethytgermyl(cyctopentadienyl) (t-butylcyclopentadienyl)hafnium dichloride. 

dimethytsiiyiimethylcyclopentadienyl) (dimethyicyclopentadienyDhafnium dichlonde. 

dimethylgermyl(methyicyciODentadienyl> (dimet^ylcy.c^ope^tac1ienyljhafnium dichloride. etc 

55 

The zirconium or hafnium compounds (I] of the present invention exhibits a superior olefin polymeriza- 
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■3 



tion activity in the presence ol an aiummoxane ano is useful comcouncJs as a DOiyemnzation cataiyst 
comoonent. The aiummoxane as one o» the catalyst components used m the polymerization is an organic 
aluminum compound expressed By the formula [II] or the formula [HI] 

sIa £-r OA 2 -7-5- OA i rI ' CD) 

I 

V 



I— e OA ^ -^-TTT-' c HL] 

1 



25 



30 



wherein represents a hydrocarbon radical such as rriethyi group, ethyl group, propyl group, butyl group, 
etc.. preferaoly methyl group or ethyl group and m represents an integer of 4 to 30. preferably 6 or more, 
more preferably 10 or more. Preparation of such compounds are known. For example, they may be 
pepared by adding a trialkylaiuminium to a hydrocarbon suspension of a compound containing adsorbed 
water or a salt containing water of crystallization such as copper sulfate hydrate, aluminum sulfate hydrate, 
etc.. followed by reacting the mixture. 

Olefins used for polymenzation wherein the catalyst of the present invention is used, are o-olefins such 
as propylene, i-butene. 4-methyl-i-pentene. 1-hexene. l-octene. etc. and mixtures of two or more kinds 
thereof may also be used for polymerization. Further, it is also possible to copolymerize the above- 
mentioned a-olefins with ethylene. Still further, the catalyst is effective for copolymerization of a-olefins with 
conjugated or non-conjugated dienes such as butadiene. i .4.hexadiene. i.4.pentadiene. i,7-octadiene. etc.. 
styrene or cyclic olefins such as cyctopropene. cyclobutene, nortoornene. dicyclopentadiene. etc. 

As to the polymerization process employed in the present invention, either of liquic phase polymeriza- 
tion or gas phase polymerization is possible. As the polymerization solvent for liquid pnase polymerization, 
hydrocarbons capable of dissolving both the components of the zirconium or hafnium compound and the 
aiummoxane are used, and concretely, aromatic hydrocarbons such as benzene, toluene, o-xylene. m- 
xylene, p-xytene. ethyibenzene, butylbenzene. mesitylene. naphthalene, etc. preferably toluene and xylene 
are used. Further, even in the case of solvents uncapable of dissolving both the components of the 
zirconium compound or the hafnium compound and the aluminoxane. if prepolymerization is earned out m 
aromatic hyorocarbons in advance, polymerization can be earned out. 

ExampJes of such solvents are aliphatic hydrocarbons such as butane, isobutane. pentane. hexane. 
octane, decane. dodecane. hexadecane. octadecane. etc.. aiicyclic hydrocarbons such as cyclopentane. 
methyicyciopentane. cyclohexane. cydooctane, etc.. petroleum fractions such as gasoline, kerosine. gas oil. 
etc. Among these, aliphatic hydrocarbons are preferred. Further, it is also possible to use liquefied olefins 
themselves such as liquefied propylene, liquefied butene-1. etc. 

As to the catalyst components, the mixture of both the components of the zirconium compound or 
hafnium compound and the aluminoxane obtained by mixing the components in advance may be fed to the 
reaction system, or the components may be separately fed to the reaction system. In either of the cases, 
the concentration and molar ratio of both the components m the reaction system have, no paatcular 
limitation, but the coricentraiion of the transition metals is preferably in the range of lO"- to lO"'" moi i. 
and the molar ratio of At to M is preferably in the range of lOO or more, parricularly i.OOO or more 

The olefin pressure in the reaction system has no particular limitation, out it is preferably in the range of 
the atmospheric pressure to 50 Kg cm-G. The polymerization temperature also has no particular limitation, 
but It is usually in the range of -50' to *230'C. preferably -30* to lOO'C. Adjustment of the molecular 
weight at the time of polymerization may be carried out e.g. by choice of temperature or .ntroducucn of 
5- hydrogen gas. 

According to the present invention, a novel zirconium or hafnium compound having a bis-substit'jted- 
cyclopentadienyi ligand of a bndged structure is obtained. When the zirconium compound or hafnium 
compound is used as a catalyst component for oelfin polymerization, it is possible to obtain a stereoregulai 
polymer with a good efficiency. 

The present invention will be descnbed in more detail by way of Examples. 



-to 
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[DimethyisilyibiS(methyicyctopentadienyi)zrrconium dicnionde] 

In this Example, reactions were all earned out m an inert gas atmospf^ce- Further, the reaction solvent 
used was dried m advance. In a 200 ml capacity glass reaction vessel dimeihyipis- 

5 /methyicydopentadienyOsilane (3.5 g. 16 mmol) was dissolved in letrahydrofuran (50 ml), followed Oy 
gradually dropwise adding a hexane solution (23 mt) of n-butyllithium {1.6 M) (M refers to moi t) to the 
above solution under ice-cooling and agitating the mixture at room temperature for 2 hours to oDtam a 
yellow transparent liquid (LizIMejSifMeCsHa):]). 

In a 500 mt capacity glass reaction vessel, zirconium tetrachloride (3.5 g. 15 mmol) was cooled down 

10 to -78* C. followed by adding letrahydrofuran (200 mt). thereafter gradually dropwise adding the yellow 
transparent liquid obtained above, at -78' C. agitating the mixture at room temperature for 15 hours, 
distilling off the solvent from a yeilow-orange color solution containing white precipitates, adding methylene 
chloride (200 mt) and then dilute hydrochloric acid (100 ml) under ice cooling, separating two layers, 
drying the methylene chloride layer over anhydrous sodium sulfate, distilling off methylene chlonde. adding 

?5 pentane. filtering off the resulting solids to obtain pale green solids (2.87 g). and recrystallizmg the solids 
from hot heptane (400 m I ) to obtain yeltow-white crystals (2.02 g). The values of the physical properties of 
this compound are shown below. In addition, IR spectra were measured according to KBr method and H- 
NMR spectra were measured using CDC 1 3 as solvent. 
IR spectra; shown in Fig. 1. 

20 NMR Spectra: shown m Fig. 2. 



2S 



Elemental analysis value: (C-. 


.H.sCljSiZr) 




Calculated value (%): 


C: 


44.66. 


H: 


4.82 


Observed value (•'«): 


C: 


45.02. 


H: 


4.91 
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Example 2 



[Polymerization] 
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JO 



Into a 1.51 capacity SUS autoclave sufficiently purged with nitrogen gas were successively fed purified 
toluene (500 ml), methytaluminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 770) 
(4.0 mmol) and dimethylsiiylbis(methylcyclopentadienyl)zirconium dichloride (0.005 mmol). followed by 
raising the temperature up to 30'C, contnuously introducing propylene so as to keep the total pressure at 
3 Kg cm'G to carry out polymerization for 2 hours, thereafter decomposing the catalyst component with 
methanol and drying the resulting polypropylene to obtain isotactic polypropylene (130 g). The catalyst 
activity was 142 Kg g 2r«Hr and its molecular weight was 9.400. 
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Example 3 



fPolymerizationJ 
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Into a 1 .5 ( capacity SUS autoclave sufficiently curged with nitrogen gas were successively fed purified 
toluene (lOO ml), methylaminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 770) (4.0 
mmol) and dimethyisilylbis(methylcyctopentadienyi)ztrconium dichloride (0.005 mmol). followed by raising 
the temperature up to 30 ' C. then continuously introducing propylene so as to keep the total pressure at i 
Kg cm^G. carrying out polymerization for 10 minutes, stopping the feed of propylene, purging propylene, 
adding purified hexane (1.0(X) mt). raising the temperature up to 30* C. continuously feeding propylene so 
as to keep the total pressure at 3 Kgcm^G. carrying out polymerization for 2 hours, thereafter decomposing 
the catalyst component with methanol, drying the resulting polypropylene to obtain isotactic polypropylene 
(125 g). The catalyst activity was 137 Kgg Zr»hr. 
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ConnDarative examole l 



[Polymerization] 

Example 2 was repeated except mat cJimethy!silylbis(methy.cyclopentadienyl)z.rcon.um dichlortde was 
replaced by d.methyis.lylb.s(cyclopef.t2a.enyl)z.rcon.um dichlonde to obtain atactic polypropylene (29 g). 
The catalyst activity was 32 Kgg Zr-hr and its molecular weight was 5.300. 



Comoarative examole 2 



[Polymerization] 

Example 2 was repeated except ^ai dimethy(silylb.s(methylcyclopentadienyl)zirconium pichlonoe was 
replaced by bis(methyl-t-butylcyclopentaaienyl)2irconium dichloride to obtain atactic polypropylene <2.5 g). 
The catalyst activity was 2.9 Kg.g Zr«rr. 



Comoarative example 3 



[Polymerization] 

into a 1 51 capacity SUS autoc:ave sufficiently purged with nitrogen gas were successively aoded 
purified toluene (500 mt). methylalummoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight; 
O09) (6 3 mmol) and bis(methylcyclooefltadienyl)zirconium dichloride (0.02 mmol). followed by raising the 
Jemperature up to 50* C. continuously introcucmg propylene into the mixture so as to keep the total 
pressure at 8 Kg cm^G. carrying out soiymerization for 4 hours, decomposing the catalyst component with 
methanol after the reaction and drying ^,e resulting polypropylene to obtain atactic polypropylene (220 g). 
The catalyst activity was 30 Kgg Iff 



Example 4 

[Dimethytsiiyl(cyctopentadienyl) (methytcydopentaoienyDzirconium dichloride) 

All the reactions were carried out n an inert gas atmosphere. Further, the reaction solvent was dried m 
advance and used^.^^^^ glass reaction vessel, dimethyl (cydopentadienyl) (methylcyclopentadienyl)silane 
(3 4 c 17 mmol) was dissolved in pentane (50 mt), followed by slowly dropwise adding a solution (24 mt) 
of n-butyllithium (1.6 M) under ice cooling, agitating the mixture at room temperature for 2 hours, distilling 
off the solvent to obtain white solids (U2(Me:Si(C5HO (Me-C.H,)I). and adding tetrahydrofuran (50 ml) 
thereto' to obtain a yellow transparent liquid. 

In a 500 ml capacity glass reacnon vessel, zirconium tetrachloride (4.0 g. 17 mmol) was cooled down 
•0 -78' C followed by adding tetrahyoroturan (200 ml), then slowly drcowise adding the yellow transparent 
liQuid obtained above at -78' C. agitating the mixture at room temperature for one hour, heating it under 
reflux for one hour allowing it to cod down, distilling off the solvent from a pale yellow solution containing 
white precipitates, adding methylene chloride (200 ml) and then dilute hydrochloric acid (100 ml. under 
,ce cooling separating the liquids, crying the methylene chloride layer over anhydrous sodium sulfate, 
distilling off' methylene chloride, aocmg pentane. filtering off the resulting solids to obtain pate gr^n solids 
(2 44 q) and recrystallizmg them from hot heptane 1400 mt) to obtain pale yellow crystals (MB g) me 
values of the physical properties d tr.s compouno are shown below. In addition. IR spectra were measured 
according to KBr method and HNMR spectra were measured using CDClj as solvent. 
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Elemental analysis value: (Ci 3Hi6Ct2SiZr) 



Calculated value f%): 
Observed value (%): 



C: 
C: 



43.08. 
42.86. 



H: 
H: 



4.45 
4.49 



IR spectra: shown in Rg. 3. 
NMR spectra: shown in Fig. 4 



10 



Example 5 



15 



20 



[Polymerization] 

Into a I.St capacity SUS autoclave sufficiently purged with nitrogen gas were successively added 
purified toluene (500 mt). methytaiuminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weignt: 
770) (4.0 mmol) and dimethylsilyl(cyclopentadienyl)(methylcyclopentadienyl)2irconium dichloride (0.005 
mmol). followed by raising the temperature up to 30 'C. continuously introducing propylene so as to keep 
the total pressure at 3 Kg/cm^G to carry out polymerization for 2 hours, decomposing the catalyst 
component with methanol after the reaction and drying the resulting polypropylene to obtain isotactic 
polypropylene (70 g). The catalyst activity, was 77 Kg^g 2r»hr. Its molecular weight was 6.600. 



25 



Example 6 



30 



35 



40 



45 



so 



55 



[Dimethylsilyl(cyclopentadienyl) (t-butylcyclopentadienyl)zirconium dichloride] 

All the reactions were carried out in an inert gas atmosphere. Further, the reaction solvent was dneo m 
advance and used. In a 200 mt capacity glass reaction vessel, dimethyl(cyclopentadienyl) (t-butylcyctopen- 
tadienyOsilane (5.1 g. 21 mmol) was dissolved in pentane (50 mt), followed by slowly dropwise adding a 
hexane solution (29 mt; of n-butyllithium (1.6 M) under ice cooling, agitating the mixture at room 
temperature for 2 hours, distilling off the solvent to obtain white solids (Li2[Me2Si(C5H4) (t-Bu-CsM:)]) and 
adding thereto tetrahydrofuran (50 ml) to obtain a yellow transparent liquid. 

In a 500 ml glas reaction vessel, zirconium tetrachloride (5.0 g. 21 mmol) was cooled down to •78* C. 
followed by adding tetrahydrofuran (200 mt). slowly dropwise adding the yellow transparent liquid obtained 
above at -78* C. agitating the mixture at room temperature for 2 hours, heating it under reflux for 2 hours, 
allowing it to cool down, distilling off the solvent from the resulting pale yellow solution containing white 
precipitates, adding methylene chloride (200 m . » and then dilute hydrochloric acid (100 ml) under ice 
cooling, separating the liquids, dryirtg the methylene chloride layer over anhydrous sodium sulfate, distilling 
oft methylene chloride, adding pentane. filtering off the resulting solids to obtain pale green solids and 
recrystallizing them from hot heptane (400 ml) to obtain pale yellow crystals (0.8 g). The values of the 
physical properties of the compound are shown below. In addition, its IR spectra were measured according 
to KBr method and H-NMR spectra were measured using CDCts as solvent. 



Elemental analysis value: (CisH22Cl2SiZr) 


Calculated value (%): 


C: 


47.50. 


H: 


5.48 


Observed value (%): 


C: 


47.65. 


H: 


5.61 



IR spectra: shown in Fig. 5. 
NMR spectra: shown in Fig. 6. 

Example 7 
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[Poiymertzation) 

Into a 1 .5 ( capacity SUS autoctave su^icientiy purged with nitrogen gas were successively added 
purified toluene (500 nat). methylatuminofane nnaoe by Toyo Stautfer Chemical Co.. Ltd. (molecular weight. 
5 770) (4.0 mmol) and dimethylsilyllcyclopertaoienyl) (t-butylcyciopentadienyl)zrrconium dichioride (0.005 
mmol). followed by raising the temperature uo to 30 C. continuously introducing propylene so as to keep 
the total pressure at 3 Kgcm^G. carrying out polymerization for 2 hours, decomposing the catalyst 
component with methanol after the reaction and drying the resulting polypropylene to obtain isotactic 
polypropylene (75 g). The catalyst activity was 82 Kg g Zr»hr. Further, its molecular weight was 4,300. 

Example 8 

[Dimethylsilyl(methylcyciopentadienyl) (t-butyicyclopentadienyl)zirconium dichioride) 
75 All the reactions were earned out in an inert gas atmosphere. Further, the reaction solvent was dried m 
advance and used. In a 200 mt capacity glass reaction vessel, dimethyl(methylcyclopentadienyl) it- 
butyicyctopentadienyljsilane (3.9 g. 15 mmol) was dissolved in pentane (50 ml), followed by slowly 
dropwise adding a hexane solution (20 ml) of n*butyllithium (1.6 M) under ice cooling, agitating the mixture 
at room temperature for 2 hours, distilling off the solvent to obtain white solids (Li2(Me2Si(Me-C5H?) (i-Bu- 
20 CcH:)] and adding thereto tetrahydrofuran (50 mt) to obtain a yellow transparent liquid. 

In a 500 ml capacity glass reaction vessel, zirconium tetrachloride (3.5 g. 15 mmol) was cooled down 
to -78 'C. followed by adding tetrahydrofuran (200 ml), slowly dropwise adding the yellow transparent 
liquid obtained above at -76' C. agitatmg the mixture at room temperature for 18 hours, heating it under 
reflux for 4 hours, allowing it to cooling down, distilling off the solvent from a pale yellow solution containing 
25 white precipates. adding methylene chloride (200 ml) and then dilute hydrochloric acid 000 mt). 
separating the liquids, drying the methylene chloride layer over anhydrous sodium sulfate, distilling off 
methylene chloride, adding pentane arxl filtenng to obtain pale yellow crystals (0.37 g) from the pale yellow 
filtrate. The values of the physical propertes of this compound are shown below. In addition, the IR spectra 
were measured according to KBr methotf^d the H-NMR spectra were measured using CDC 1 3 as solvent. 

JO 



Elemental analysis values: (C 


7H24Cl2SiZr) 




Calculated value (%): 


C: 


48.78. 


H: 


5.78 


Observed vakie (%): 


C; 


48.81. 


H: 


5.82 



IR spectra: shown in Fig. 7. 
NMR spectra: shown in Fig. 8, 



Example 9 



[Polymerization] 

Into a 1.5 I capacity SUS autoctave sufficiently purged with nitrogen gas were successively added 
purified toluene (500 ml), methylalumirwxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 
770) (4.0 mmol) and dimethylsityKmethylcyclopentadienyl) (t-buty*cyclopentadienyl)2irconium dichioride 
(0.005 mmol). followed by raising the temperature up (0 30*C. continuously introducing propylene so as to 
keep the total pressure at 3 KgcmHS. carrying out polymerization for 2 hours, decomposing the catalyst 
component with methanol after the reaction and drying the resulting polypropylene to obtain isotactic 
polypropylene (59 g). The catalyst activity was 65 Kg g Zr*hr. Further, its molecular weight was 6.400. 



Example lO 
55 

[Dimethyisilyibis(t-butylcyclopentadienyitorconium dichioride] 
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All the reacttcp.s were carried out in an inert gas atnnosphere. Further, the reaction solvent was Oneo m 
advance ano used, in a 200 ml capacity glass reaction vessel. aimethylbisa-butyicyciooentadienyOsilane 
(4.6 g. 15 mmoi) was dissolved in pentane (50 mt). followed Dy s»owly dropwise adding a hexane solution 
(21 ml) of n-buiyiiithium (1.6 M) under ice cooling, aguating the mixture at room temperature for 4 hours. 

5 distilling ofl the solvent to obtain white solids (Li2[Me2Si(t-Bu-CcH3hl) and adding teiranydrofuran (50 ml ) 
to obtain a yellow transparent liquid. 

In a 500 ml capacity glass reaction vessel, zirconium tetrachlonde (3.5 g. 15 mmoi) was cooled down 
to -78' C. followed by adding tetrahydrofuran (250 ml), slowly dropwise adding the yellow transoarent 
liquid obiainea above at -78* C, allowing the mixture to stand, returning me temperature to room 

10 temperature, heating it under reflux for 84 hours, allowing the resulting material to cool aown. distilling off 
the solvent from a yellow transparent solution, adding methylene chloride (300 ml) and then dilute 
hydrochloric acic (100 ml) under ice cooling, separating the liquids. Crying the methylene chloride layer 
over anhydrous sodium sulfate, distilling off methylene chloride, adding pentane and filtering to obtain 
yellow-white crystals (2.35 g) from a yellow filtrate. The values of the physical properties of this compound 

;s are shown below, in addition, the IR spectra were measured according to KBr method and the H-NMR 
spectra were measured using CDC 1 3 as solvent. 



Elemental analysis values: (CzcHscCljSiZr) 


Calculated value (%): 


C: 


52.15. 


H: 


6.56 


Observed value (%): 


C: 


52.01. 


H: 


6.58 



IR spectra: shown in Fig. 9. 
NMR spectra: snown in Fig. 10. 



Examote 1 1 



[Polymerization] 

Into a 1.5 t capacity SUS autoclave sufficiently purged with nitrogen gas were successively added 
purified toluene (500 ml), methylaluminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 
770) (4.0 mmoi) and dimethylsilytbis(t-butylcyclopentadienyl)2irconium dichloriae (0.005 mmoD. followed by 
raising the temperature up to 30* C, continuously introducing propylene so as to keep the total pressure at 
3 Kg cm^G. carrying out polymerization for 2 hours, decomposing the catalyst component with methanol 
after the reaction and drying the resulting polypropylene to obtain isotactic polypropylene (3.1 g). The 
catalyst activity was 3.4 Kg/g Zf«hr. tts molecular weight was 9,600. 



Example 12 



(Dimethylgermylbis(methylcyclopentadienyl)2irconium dichloride) 

All the reactions were earned out in an inert gas atmosphere. Further, the reaction solvent was dried in 
advance and used. In a 200 ml capacity glass reaction vessel, dimethylbis(methylcyclopentadienyl)- 
germane (12 g. 8 mmoi) was dissoh^ in pentane (50 mt). followed by slowly dropwise adding a hexane 
solution (11 ml) of n-butyllithium (1.6 M) under tee cooling, agitating the mixture at room temperature for 2 
hours, distilling off the solvent to obtain white solids (Li:[Me2Ge(Me-C5H})2]). adding thereto tetrahydrofuran 
(50 ml) to obtain a yellow transparent liquid. 

In a 500 mt capacity glass reaction vessel, zirconium tetrachloride (1.8 g. 8 mmoi) was cooled down to 
-78' C. followed by adding tetrahydrofuran (150 ml), slowly dropwise adding the yellow transparent liquid 
obtameo above at -78* C. agitating the mixture at room temperature, for U hours heating it under reflux foi 
2 hours, allowing the resulting material to cool down, distilling off the solvent from a yellow transparent 
solution, adding methylene chloride (200 mt) and then dilute hydrochloric acio dOO mn under ice cooling, 
separating the iiQuids. drying the methylene chloride layer over anhydrous sodium sulfate, distilling off 
methylene cnlonde. adding pentane. filtering and concentrating to obtain yellow-white crystals (0.31 g) from 
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a oaie veiiow ..Urate. The values ol the physical prooert.es ot th,s compound are shown Decow. In acia.t.on 
the IB spectra were measured according to KBr method and H-NMR spectra were measured us.ng CDCt:- 
as solvent. 



Elemental analysis values: (C 


iHijClzGeZr) 




Calculated value (%): 


C: 


39.94. 


H: 


4.31 


Observed value (%): 


C: 


40.38. 


H: 


4.38 



IR spectra: shown m Fig. 1 1 . 
NMR spectra: snown m Fig. 12. 



Example 13 



[Polymerization] 

into 3 15 1 capacity SUS autoclave suHiciently purged with nitrogen gas. purified toluene (500 mlh 
methylaluminoxane made by Toyo StauHer Chemical Co.. Ltd. (molecular weight: 770) (4.0 '"'"Ol) and 
d,methylgermylbis(methyteyc.opentadienyl)zirconium dichloride (0.005 mmol) were successively added 
followed by raising the temperature up to 30* C. continuously introducing propylene so as to keep the total 
pressure at 3 Kg.cm=G. carrying out polymerization for 2 hours, decomposing the catalyst cotnponent with 
methanol after the reaction and drying the resulting polypropylene to obtain isotactic polypropylene (2 5 g). 
The catalyst activity was 27 Kg g Zr.hr. Its molecular weight was 7,600. 



Example 14 — . 

[Cyclotetramethylenesilyl(cyclopentadienyl) (methylcyclopentadienyl)zirconium dichloride] 

All the reactions were carried out in an inert gas atmosphere. Further, the reaction solvent was dried in 
advance and used. In a 200 mt capacity glass reaction vessel, cyclotetramethylene(cyclopentadienyl) 
,methylcyclopentac.enyl)silane (3.4 g. 15 mmol) was dissolved in pentane (SO ml), followed by slower 
dropwise adding a hexane solution (22 ml) of n-butyllithium (1.6 M). agitating the '^f'" 
temperature for 3 hours, distilling off the solvent to obtain white solids (U:l(CH,).S.(CcHO (MeCH,)!), and 
adding thereto tettahydrofuran (50 m I) to obtain a yellow transparent liquid. 

in a 500 ml capacity glass reaction vessel, zirconium tetrachloride (3.5 g, 15 mmol) was cooled down 
to -8- C adding tetrahydrofuran (250 ml), slowly dropwise adding the yellow transparent liquid obtained 
above at'-78'C agitating the mixture at room temperature lor 48 hours, distilling oH the solvent from a 
yellow solution containing white precipitates, adding methylene chloride (200 ml), filtering off the resulting 
white solids, concentrating the resulting yellow filtrate, adding pentane and cooling the mixture down to 
-30- C to Obtain yellow^hite crystals (0.39 g). The values of the physical properties of "3'""^;'^ 
Shown below, in addition, its IR spectra were measured according to KBr method and its H-NMH spectra 
were measured using COCtj as solvent. 



5 



Elemental analysis values: (C 


sH^BCljSiZr) 




Calculated value (%): 


C: 


46.37, 


H: 


4.67 


Observed value (%): 


C; 


47.03. 


H: 


4.82 



IR spectra: shown in Fig. 13. 
NMR spectra: shown in Fig. 14. 



Example 15 
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[Polymenzaiicr j 

into a 1.5 t capacity 5US autoclave sufficiently purged with nitrogen gas. purified toluene <500 ml), 
methyialuminoyane made by Toyo Staufter Chemical Co.. Ltd. (molecular weight; 770) (4.0 mmol) ana 
5 cyciotetramethylenesilyl(cyclopentadienyl) (methylcyclopentadienyl)zirconium dichloride (0.005 mmoi) were 
successively added, followed by raising the temperature up to 30 *C. continuously introducing propylene so 
as to keep the total pressure at 3 Kg/cnn^G. carrying out polymerization for 2 hours, decomposing the 
catalyst component with methanol after the reaction and drying the resulting polypropylene to obtain 
isotactic polypropylene (3.6 g). The catalyst activity was 3.9 Kg/g 2/«hr. tts molecular weight was 4.200. 

w 

Example t6 . 



;5 [Dtmethytsilyi(methylcyctopentadienyl) (dimethylcyclopentadienylUirconium dichloride] 

All the reactions were carried out in an inert gas atmosphere. Further, the reaction solvent was dried m 
advance and used. In a 200 mt glass reaction vessel, dimethyl(methylcyclopentadienyi) 
(dimethyicyciopentadienyi)siiane (3.5 g. 15 mmol) was dissolved in pentane (50 ml), followed by slowly 
20 dropwise adding a hexane solution (22 mt) of n-butyllithium (1.6 M) urujer ice cooling, agitating the mixture 
. at room temperature for 5 hours, distilling off the solvent to obtain white solids (Li2[Me2Si(Me-C^H3) ff^e^- 
C:H2}]). and adding thereto tetrahydrofuran (50 mt) to obtain a yellow-brown transparent liquid. 

In a 500 ml glass reaction vessel. 2irconium tetrachloride (3.5 g. 15 mmol) was cooled down to -78' C. 
followed by adding tetrahydrofuran (250 mt), slowly dropwise adding the yellow-brown transparent liquid 
25 obtained above at -78* C. agitating the mixture at room temperature for 18 hours, heating it under reflux for 
6 hours, distilling off the solvent from the resulting yellow solution, adding methylene chloride (300 ml), 
filtering off the resulting white solids, concentrating the resulting yellow filtrate, adding pentane. filtering the 
resulting solids and recrystailizing the solids from hot heptane (2CX) ml) to obtain yellow-white crystals (1.08 
g). The values of the physical properties of this compound are shown below. In addition, its IR spectra were 
00 measured according to KBr method arxj its *H-NMR spectra were measured using CDC 1 3 as solvent. 



Elemental ar\aiysis values: (C 


.5H2oCt2Si2r) 




Calculated value (%): 


C: 


46.13. 


H: 


5.16 


Observed value (%): 


C: 


46.22. 


H: 


5.16 



IR spectra: shown in Fig. 15. 
Nf^R spectra: shown in Fig. 16. 

Example 17 



[Polymerization] 

Into a 1 .5 I capacity SUS autoclave sufficiently purged with nitrogen gas. puhfied toluene (500 m l ). 
methyfaluminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 770) (4.0 mmol) and 
dtmethylsilyl(methylcyclopentadienyl) (dimethylcyclopentadienyl)zirconium dichloride (0.005 mmol) were 
successively aaded. followed by raising the temperature up to 30*C. continuously introducing propylene so 
as to keep the total pressure at 3 Kg/cm^G. carrying out polymerization for 2 hours, decomposing the 
catalyst component with methanol arnj drying the resulting polypropylene to obtain isotactic polypropylene 
(45 g). The catalyst activity was 49 Kg g Zr*hr. Its molecular weight was 5.6(X). 



E.xample 18 



[Dimethylsilyibis(methytcyciopentadienyl)hafnium dichloride] 
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All me reactions were earned out m an inert gas atmosphere. Further, the reaction solvent «as dried m 
advance and used, in a 200 ml glass reaction vessel. dimelhylbis(methylcyclopentadienyl)silane (3.3 g. 15 
mmol) was dissolved in letrahydrofuran (50 ml), followed by slowly dropwise adding a hexane solution (2i 
ml) of n-butyilithium (1.6 M) under ice cooling and agitating the mixture at room temperature for 2 hours to 

5 obtain a yellow transparent liquid (Li2(Me2Si(MeC5H3)2j). 

In a 500 ml capacity glass reaction vessel, hafnium tetrachloride (4.8 g. 15 mmol) was cooled down to 
-78' C. followed by adding tetrahydrofuran (200 ml), slowly dropwise adding the yellow transparent liquid 
obtained above at -78* C, agitating the mixture at room temperature for 17.5 hours, heating it under reflux 
for one hour, allowing the resulting material to cool down, distilling off the solvent from a yeiiow-orange 

10 colgr solution containing white precipitates, adding methylene chloride (200 ml) and then dilute hydrochlo- 
ric acid (100 ml), separating the liquids, drying the methylene chloride layer over anhydrous sodium 
sulfate, distilling off methylene chloride, adding pentane. filtering off insoluble solids, cooling a yellow filtrate 
to obtain yellow-white crystals (2.02 g). The values of the physical properties of this compound are shown 
below. In addition, its IR spectra were measured according to KBr method and its *H-NMR spectra were 

rs measured using CDC 1 3 as solvent. 
IR spectra: shown in Fig. 17. 
NMR spectra: shown in Fig. 18. 



20 Example i9 



[PolyrT>erization] 

25 Into a 1.5 t capacity SUS autoclave sufficiently purged with nitrogen gas. purified toluene (500 ml), 
methylaluminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 770) (4.0 mmol) and 
dimethylsilylbis(methyicyclopentadienyl)hafnium dichloride (0.005 mmol) were successively added, followed 
by raising the temperature up to 30* C, continuously introducing propylene so as to keep the total pressure 
at 3 Kg;cm^G. carrying out polymerization for 2 hours, decomposing the catalyst component with methanol 

30 after the reaction and drying the resulting polypropylene to obtain isotactic polypropylene (16 g). The 
catalyst activity was 8.9 Kg.g Hf«hr. and its molecular weight was 66,800. 



Example 20 

35 

[Dimethytsilyl(cyclopentadienyl) (methylcyclopentadienyl)hafnium dichlonde) 

All the reactions were carried out in an inert qas atmosphere. Further, the reaction solvent was dried in 

JO advance and used. In a 200 m I glass reaction vessel, dimethyl(cyclopentadienyl) (methylcyclopentadienyl)- 
silane (3.0 g. 15 mmol) was dissolved in pentane (50 mt). followed by slowly dropwise adding a hexane 
solution{20mt) of n-butyllithium (1.6 M) under ice cooling, agitating the mixture at room temperature for 2 
hours and distilling off the solvent to obtain white solids (Li2(IVIe3Si(CcH*) (Me-CsHs)]. and adding thereto 
tetrahydrofuran (50 ml) to obtain a yellow transparent liquid. 

45 In a 500 ml capacity glass reaction vessel, hafnium tetrachloride (4.8 g. 15 mmol) was cooled down tc 
-78* C. followed by adding tetrahydrofuran (200 ml), slowly dropwise adding the yellow transparent liquid 
obtained above at -78' . agitating the mixture at room temperature for 14 hours, distilling off the solvent 
from a yellow solution containing white solids, adding methylene chloride (200 ml) and then dilute 
hydrochloric acid (100 ml) under ice cooling, separating the liquids, drying methylene chlonde layer over 

50 anhydrous sodium sulfate, distilling off methylene chloride, adding pentane. filtering off the resulting solids 
to obtain pale green solids (2.22 g) and recrystallizing the crystals from not heptane (200 mt) to obtain pale 
yellow-white crystals (0.94 g). The values of the physical properties of this compound are shown t)elow. In 
addition, its IR spectra were measured according to KBr method and its 'H-NI^R spectra were measured 
using CDCt? as solvent 

55 IR spectra: shown in Fig. 19. 
NMR spectra: shown in Fig. 29 
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Examo'e 2i 



[Polymerization] 

5 

Into a 1.5 ( capacity SUS autoclave sufficiently purged with nitrogen gas. purified toluene (500 ml). 
meihylaluminoxane made by Toyo Stauffer Chemical Co., Ltd. (molecular weight: 770) H O mmol) and 
diemethyisilyl(cyclopentadienyl) (methylcyclopentadienyl)hafnium dichloride (0.005 mmol) were succes- 
sively added, followed by raising the temperature up to 30* C. continuously introducing propylene so as to 
10 keep the total pressure at 3 Kg/cm'G. carryirtg out polymerization for 2 hours, decomposing the catalyst 
component with methanol and drying the resulting polypropylene to obtain isotactic polypropylene <0.6 g). 
The catalyst activity was 0.34 Kg'g Hf«hr. and its molecular weight was 52.800. 

IS Example 22 



(Dimethyisilyibis(t-butylcyclopentadienyl)hafnium dichloride] 

20 All the reactions were earned out in an inert gas atmosphere. Further, the reaction solvent was dried in 
advance and used. In a 200 mt capacity glass reaction vessel. dimethylbis(t-butylcyclopentadienyT)silane 
(4.8 g. 16 mmol) was dissolved in pentane (50 ml), followed by slowly dropwise adding a hexane solution- 
(22ml) of n-butyllithium (1.6 M) under ice cooling, agitatirig the mixture at room temperature for 4 hours 
aisttiling off the solvent to obtain white solids (Li2tMe2Si(t-Bu-C5H3hl. and adding thereto tetrahydrofuran 

25 (60 m t) to obtain a yellow transparent liquid. 

In a 500 ml capacity glass reaction vessel, hafnium tetrachloride (5.1 g. 16 mmol) was cooled down to 
-78 * C. followed by adding tetrahydrofuran (250 mt). slowly dropwise adding the yellow transparent liquid at 
•78 C. allowing the mixture to stand to return the temperature to room temperature, heating it under reflux 
for 84 hours, allowing the resulting material to cool down, distilling off the solvent from a yellow-orange 

■ 30 color transparent solution, adding methylene chloride (300 ml) arid then dilute hydrochloric acid (lOO ml) 
under ice cooling, separating the liquids, drying the methylene chloride layer over anhydrous sodium 
sulfate, distilling off methylene chloride, adding pentane. filtering, concentrating the resulting yellow filtrate 
ano cooling to obtain pale yellow crystals (1.41 g). The vlaues of the physical properties of this compound 
are shown below. In additioh. its IR spectra were measured according to KBr method and its 'H-NMR 

35 spectra were measured using CDC 1 3 as solvent. 



Elemental analysis values: (CscH^cCtaSiHf) 


Calculated value (%): 


C: 


43.84. 


H: 


5.52 


Observed value (%): 


C: 


44.05. 


H; 


5.62 



IR spectra: shown in Fig. 21. 
NMR spectra: shown in Fig. 22. 

45 

Example 23 



[Polymerization] 

Into a 1.5 I capacity SUS autoclave sufficiently purged with nitrogen gas. purified toluene (500 ml), 
methylaluminoxane made by Toyo Stauffer Chemical Co.. Ltd. (molecular weight: 770) (4.0 mmol) and 
dimethyisiiylbis(t-butylcyclopentadtenyl)hafnium dichloride (0.005 mmol) were successively added, followed 
by raising the temperature up to 30 C. continuously tntroduong propylene* so as to keep the total pressure 
at 3 Kg cm^G. carrying out polymerization for 2 hours, decomposing the catalyst component with methanol 
after the reaction and drying the resulting polypropylene to obtain isotactic polypropylene (0.3 g). The 
catalyst activity was 0.17 Kg-g Hf«hr. Further, its molecular weight was 17.200. 



16 



EP 0 316 155 A2 



Comparative exmapie 4 



[Polymerization] 

into a 1 5 I capacity SUS autoclave suHicently purged with nitrogen gas. punfied toluene (500 mtK 
.e. ylminoxane made t,y Toyo S,au«er Chemical Co.. Ltd. (r^olecular ^^^^'^J^f l^l^^^^^^^ 
dimethy.s,lylb,s(cyclopentad,enyl,hafn.u.n dichlor.de (0.005 mmol, were '"^^^^i^^*^,!^" '^^^^^^^^ 
rLisina the reaction up to 30* C. continuously introducing propylene so as to keep the total pressure at 3 
kTS4 cl ryT g ou^olyrnerization (or 2 hours, decomposing the catalyst compor«m with methano after 
me react'ion and drying the resulting polypropylene to obtain atactic polypropytene (3.5 g). The catalyst 
activity was 2.0 Kg.g Hf«hr. 



:5 Claims 

1 . Transition-metal compounds of the formula: 

t 

^ (3»-C$H c- a) V 
Y « CI) 

25 

,n which M is a zirconium or hafnium atom: Y is a silicon or gemianium atom: the groups R" „-C=H^d 
-C=H.„ each represent an unsubstituted or substituted cyclopentadienyl group, n and q each bemg 0 or an 
rntegerof frorr, 1 to 4 provided that n and q are not simultaneously 0 or 4. the ^-^J^^^T^^^ 
bemg the same or different and each being a hydrogen atom, a s.lyl group or a hydrocartKDn 'ad.cal. the 
respecfve groups R^ are the same or different and each is hydrogen atom or a hydrocarbon radical, and 
;hTres7ea'e groups X are the same or different and each is hydrogen or halogen atom or a hydrocarbon 

A catalyst for producing a stereoregular olefin polymer, which catalyst comprises as .ts effective 

A)Ttrans.tion-metal compound of formula (I) as. defined in claim 1 provided that the s.te of R' on the 
cyclopentadienyl ring and the nature of R' give a configuration wherein any symmetry plane containing M .s 

absent: and 

(B) an aluminoxane of the formulae: 



J5 



SO 
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r'^ Al-(OAl). -OAI'r' 
RJ 



C n ] 



5 



or 



J5 



20 

in which m is an integer of from 4 to 30 and R- is a hydrocarbon radical. 
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